Introduction Roux-en-Y gastric bypass (RYGB) and laparoscopic sleeve gastrectomy (LSG) are the two most frequently performed bariatric operations. These two types of metabolic surgery alter the anatomy and function of digestive tract producing significant weight loss in morbidly obese patients but may lead to malnutrition. Aim Analysis of incidence and severity of malnutrition after bariatric surgery in patients submitted to RYGB or LSG during 12 months of follow-up. Material and Methods Retrospective study of 98 patients after RYGB (n = 47) or LSG (n = 51) assessed for nutritional deficiencies during 12 months after surgery was conducted. The differences in body mass index (BMI) and blood tests including erythrocytes, haemoglobin, total protein, albumin, iron, ferritin, transferrin, vitamin B12, folic acid, calcium and phosphorus concentrations were compared between groups before the operations and at 1 and 12 months. Results Nutritional deficiencies were common before surgery with prevalence up to 19.6% for albumin in the LSG group. Median preoperative BMI levels and albumin concentrations were higher in the RYGB group compared to the LSG group, but there was no difference in percent excess weight loss (%EWL) at 1 and 12 months between LSG and RYGB. One month after LSG erythrocyte count, haemoglobin, iron, ferritin and transferrin levels were significantly higher than in the RYGB group. These differences subsided at 12 months. At 12 months, only the prevalence of vitamin B 12 deficiency was significantly higher in the RYGB group. Conclusion Both RYGB and LSG lead to nutritional deficiencies despite different properties of operations and similar %EWL during follow-up.
Introduction
Obesity in Europe affects 10-30% adults (http://www.euro. who.int/en/health-topics/noncommunicable-diseases/obesity/ data-and-statistics); therefore, it can be regarded as a major healthcare problem of the twenty-first century. It has been proven that surgery is the best treatment for morbid obesity [1] . The most commonly performed bariatric procedures are Roux-en-Y gastric bypass (RYGB) and laparoscopic sleeve gastrectomy (LSG) [2] . Bariatric operations used to be classified as purely restrictive, restrictive/malabsorptive and primarily malabsorptive [3] . Roux-en-Y gastric bypass was considered a method combining restriction and malabsorption and sleeve gastrectomy at the time of its development was added as a restrictive component to a biliopancreatic diversion [4] . As more scientific data was gathered, these two common types of procedures were classified as restrictive [5] . Then even more important studies were published showing the role of gastrointestinal hormones in mechanisms of action of bariatric procedures and the focus was changed to metabolic surgery. However, both RYGB and SG cause significant weight reduction in morbidly obese patients, but may also lead to malnutrition [6] .
Considerable amount of data showing risk of nutritional deficiencies after RYGB is available and recently, studies regarding LSG have also been published. There are still disputes not only regarding type of surgery, but also the individual variations in techniques employed.
LSG is considered a safe procedure due to a low risk of nutritional deficiencies and gastric bypass is associated with increased nutritional deficiencies risk profile due to its complexity and alteration of gastrointestinal anatomy. In a recent analysis of a large health care database focusing on anaemia related to micronutrient deficiency, it was found more frequently in RYGB patients [7] .
Most recent studies comparing LSG and RYGB prove that these types of operation may lead to similar weight reduction effect but cause different micronutritional deficiencies [8] [9] [10] [11] . The assessment of general nutritional status of morbidly obese patients cannot be done using common nutritional screening tools for non-morbidly obese individuals due to different characteristics of malnutrition in those groups.
The aim of our study was to analyse the incidence and severity of malnutrition in bariatric patients before surgery and during 12 months of follow-up after different types of bariatric operations (RYGB and LSG).
Patients and Methods
The data of 322 patients who underwent bariatric operations at our centre between 2001 and 2014 was reviewed. Retrospective analysis of 98 bariatric patients was done with focus on early results at 1-month and 1-year follow-up data. There were 51 LSG and 47 RYGB patients who underwent operation and had complete 1-year nutritional follow-up. The indications for surgery were body mass index (BMI) ≥ 40 kg/ m 2 or BMI ≥ 35 kg/m 2 with comorbidities, age 18-60 years. The same indications were applicable to both types of procedures and there were no additional selection criteria.
The exclusion criteria were poorly controlled medical or psychiatric disorders, active alcohol or substance abuse, active duodenal/gastric ulcer disease, large hiatal hernia, previous major gastrointestinal surgery and malignancy. Body mass index was calculated as weight in kilogrammes divided by height in meters squared. The percentage of excess weight loss (%EWL) was defined as weight lost divided by preoperative excess weight above the upper limit of the ideal weight at BMI 25 kg/m 2 .
Surgical Technique
In RYGB, a small gastric pouch (10-20 ml) was formed by division of the stomach with linear stapler (TA90B, medium/ thick reload, Medtronic). It was anastomosed side to side on the anterior wall with an alimentary loop of 100 cm in length that was created 100 cm distally from the ligament of Treitz.
In LSG, calibration of the stomach was done on the 36F gastric tube and resection was completed using linear stapler (60-mm and 45-mm long, EndoGIA, medium/thick reload, Covidien).
Follow-up
The follow-up visits took place at 1 and 12 months after surgery. Weight loss was assessed and blood tests were done before surgery and at every follow-up appointment. Data chosen for the evaluation of nutritional status included the following: erythrocyte count, haemoglobin, serum protein, albumin, iron, ferritin, transferrin, vitamin B 12 
Statistical Analysis
Data are presented as median with interquartile range. The variables were compared prior to and after the operation with Kruskal-Wallis, Mann-Whitney U test, ANOVA and Friedman tests where applicable. The excesses and deficiencies of parameters with reference to the laboratory norms of the hospital were calculated with chi-squared test. Correlations between variables were assessed using 2-tailed Pearson's correlation test. All reported p values are significant at < 0.05. Statistical analysis was performed using Statistica 13.1 (Statsoft).
Results
Both study groups were comparable at baseline in age and gender (Table 1) . Women were the majority of patients in both operation groups. The mean pre-operative BMI and albumin level were significantly higher in the RYGB group compared to the LSG group. Pre-operatively, 19.6% and 2.1% of patients had hypoalbuminemia in LSG and RYGB groups, respectively. A significant BMI reduction was observed in both groups at 1 and 12 months of the follow-up. The mean BMI values were significantly lower in the LSG group compared to RYGB during the whole follow-up, but the differences in %EWL were not significant ( Table 2) . At 1 month postoperatively, there was a significant difference between groups in erythrocyte count, haemoglobin, total protein, iron, ferritin and calcium levels. One-year follow-up results were significantly different for vitamin B 12 , calcium and BMI. Although for some parameters, such as haemoglobin, iron, transferrin and ferritin, there was no significant difference between baseline and twelve postoperative month values and there were transient alterations during early postoperative period.
It is worth mentioning that 20.3% of patients had abnormally low ferritin levels preoperatively and the prevalence of this deficit increased to 30.6% postoperatively. It was not related to the type of operation (Table 3 ). Preoperatively, 37% of patients had anaemia which prevalence increased to 43.4% postoperatively. Median serum concentrations of vitamin B 12 were significantly lower in the RYGB group than in the LSG group 12 months postoperatively. The calcium concertation increased during follow-up in the LSG group and in 1-month and 12-month follow-up, the difference between both groups became statistically significant. The incidence of vitamin B 12 deficiency has quadrupled (6.4% to 25.5%) during the follow-up period after RYGB. One year after LSG, 13.7% patients developed abnormally low level of folic acid with no patients presenting that deficiency preoperatively. In the early postoperative period, transferrin and total protein deficiencies were observed in the whole study group and were only partially corrected at 12 months (Table 3) . No significant correlations were found between analysed variables and %EWL after surgery. The analysis of multiple deficiencies present both before and 12 months after bariatric operations was also performed. It showed that in the LSG group, 6 (11.8%), 3 (5.9%), 1 (2.0%), 0 (0.0%) and 1 (2.0%) patients had 1, 2, 3, 4 or 5 (out of 12 parameters) persisting deficiencies respectively. In the RYGB group, the numbers were 8 (17.0%), 3 (6.4%), 0 (0.0%), 2 (4.3%) and 0 (0.0%) patients, respectively.
Discussion
Prior to surgery, micronutritional and protein deficiencies were common in both patients' groups. The policy adopted in our centre was to start supplementation immediately after surgery and continue it indefinitely. As there is a lack of strict pre-and perioperative correction recommendations, the authors believed that it was not required to correct the existing deficiencies before intervention and that the postoperative treatment is enough to correct and maintain adequate micronutrient levels. It is an acceptable and common approach as reported by Peterson et al. in the article describing nutritional status of bariatric patients prior to surgery [12] . Alexandrou et al. in a review describing nutritional deficiencies in obesity and after bariatric surgery reported that this kind of surgery may exacerbate them. Therefore, it was recommended to encourage patients to supplement deficient nutrients at baseline and after surgery [9] . Muñoz et al. suggested that biochemical preoperative assessment in both groups of patients is necessary due to an increased risk of development of various deficiencies [13] . Jáuregui-Lobera in a review of iron status after bariatric surgery advised to correct iron deficiencies preoperatively and during follow-up in order to prevent anaemia [14] . It is worth mentioning that patients who partially lose excess weight prior to the surgery are more motivated to obey all the regimes after operation, including changes of lifestyle and habits as was reported by Gerber et al. [15] . According to the van der Beek et al. study describing nutritional status of patients undergoing gastric bypass, the malnutrition status should be assessed and deficiencies treated prior to the surgery. It may not only prolong the post-operative period of optimal nutritional status, but also prevent patients from developing any new micronutrient deficiencies [16] .
Both types of bariatric operations lead to significant weight loss, but the superiority of one type over another is disputable. Manning et al. reported better weight loss after RYGB [17] . However, in our study, the difference between %EWL at each follow-up was not significant. A recent meta-analysis of nine clinical trials did not show a significant difference in weight loss and %EWL between these operations [18] .
Bariatric surgery may lead to alterations in calcium levels due to an increased bone remodelling after operation [19] . In a review describing bone and mineral metabolism in patients undergoing Roux-en-Y gastric bypass, Hage et al. suggested that fluctuations of calcium levels can be a result of decreased [20] . In our study, calcium deficiencies were also present, but the number of these cases was limited. The two major factors responsible for anaemia presenting in 15-20% of our patients were deficiencies in iron and vitamin B 12 . The major fluctuations of erythrocyte count, mean corpuscular volume and haemoglobin, iron, ferritin and transferrin concentrations would imply that both RYGB and LSG cause alterations in erythropoiesis and iron metabolism. Although many of the reported differences are statistically significant, the clinical relevance sometimes remains unclear. It is vital to notice, that at 1 month of follow-up high transferrin deficiency rates (63.2% in our cohort) accompanied by 0% ferritin deficiency do not result in an increase in iron serum concentrations or haemoglobin levels in both groups. These features often occur in anaemia caused by inflammation/ chronic disease. In our study, the percentage of patients with anaemia (haemoglobin deficiency) remained fairly stable in 12-month follow-up. Another explanation for lower haemoglobin levels is menstrual bleeding among women in premenopausal age, which may lead to disproportion between lost and absorbed iron [9, [21] [22] [23] [24] . The majority of patients in our study were menstruating women which can contribute to an increased anaemia rates in this group of bariatric patients. However, male patients are also at risk of anaemia. In a crosssectional study by Lefebvre et al., preoperative haemoglobin deficiencies were present in 6.0% of women and 6.6% of men, for our cohort 20.3% and 14.7%, respectively [25] . The diminished intrinsic factor (IF) secretion as a result of decreased volume of IF-producing parietal cells after LSG may lead to B 12 malabsorption. Severity of vitamin B 12 malabsorption may be partially dependent on the size of the resected stomach. However, the volume of the specimen is not standardised. In RYGB procedure exclusion of the stomach, duodenum and proximal jejunum leads to a decreased binding with IF and a reduction of absorption surface.
Additionally, up to 35% of RYGB patients have bacterial overgrowth in the small intestine after operation that leads to B 12 deficiencies as reported by Majumder et al. [26] . According to his review, the most effective route of B 12 supplementation is an intramuscular injection. In our centre, supplementation was based on sublingual administration that is not dependent on IF secretion and absorption from the ileum. We also believe that it improves patients comfort and increases compliance, as it is a non-invasive, more comfortable than intramuscular method of vitamin supplementation. A recent study by Bensky et al. which compared sublingual with intramuscular method of vitamin B 12 supplementation in deficient patients concluded that sublingual application is sufficient or even superior to the latter [27] . Other routes of vitamin [28] . As Stein et al. reported in the review article, postsurgical vitamin B 12 deficiency leading to anaemia occurs much more often in RYGB cohort than in LSG cohort. Similarly to our results, B 12 deficiency was much more common pre-and postoperatively in the RYGB group. Stein et al. suggested to prescribe high dose intramuscular or subcutaneous B 12 supplementation in the malabsorptive cohort, but not after restrictive procedures [29] .
Iron deficiency may be present in obese patients prior to operation due to constant inflammatory state. One of the underlying mechanisms may be the production of hepcidin which decreases serum iron level. Bariatric operations may exacerbate it [30] . In Peterson et al. [8] study, frequency of iron deficiency in the group of RYGB candidates reached 36.2% which is lower than observed in our cohort.
Prevalence of albumin deficiency in the RYGB group was low preoperatively, similarly to results reported by Gobato et al. [31] . However, albumin levels remained unchanged during 12 months after surgery contrary to some other reports.
Nicoletti et al. showed a significant increase in albumin concentrations in patients after RYGB [32] .
Due to possible nutritional complications resulting from bariatric surgery, it is important to provide complex screening and prevention of nutritional deficiencies [33] . In a clinical report on nutritional and pharmacologic challenges after bariatric surgeries, Lizer et al. recommended that all these patients should receive lifelong vitamin and mineral supplementation postoperatively. However, there are also opinions that only RYGB cohort should receive this form of prevention [34] . There are multiple strategies regarding type and complexity of postoperative supplementation. Via et al. suggests that lifelong screening and multivitamin, calcium and vitamin D supplementation is a general recommendation for all patients after bariatric operations [35] . Kwon et al. claims that supplementation of only selected micronutrients (vitamin B 12 and iron) may not always be sufficient in deficient patients [36] . Customised supplementation formula compared to a standard multivitamin product in RYGB cohort may lead to improved reduction of nutritional deficiencies [37] . From our perspective, it may be difficult to accurately assess the efficiency of supplementation regimen due to unknown patients' compliance; therefore, we suggest both general and specific 
Limitations
The limitations of our study included its retrospective character and incomplete information regarding compliance with supplementation regimen. The early follow-up assessment was not completed by all the participants and postoperative attrition might have influenced reported outcomes. The study aim was designed to analyse nutritional deficiencies during 12-month follow-up which is commonly considered an early period after bariatric surgery and does not allow to draw definite conclusions on the risk of deficiencies in a long term.
Conclusions
Nutritional deficiencies may occur regardless of the type of bariatric operation; therefore, it is crucial to regularly control the patients' nutritional parameters during the follow-up. Bariatric surgery may exacerbate malnutrition; therefore, we recommend routine preoperative and lifelong postoperative laboratory testing for deficiencies in RYGB and LSG cohort and an appropriate individualised oral supplementation. Both bariatric procedures may lead to malnutrition regardless of malabsorptive or restrictive properties. Possible adjustments in postoperative supplementation regimen based on our results include an increase in doses of vitamin B 12 in RYGB patients and folic acid supplementation in LSG patients. However, nutritional requirements change during different periods after surgery and in order to create recommendations better reflecting patients' needs, long-term follow-up results should be analysed.
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